The image force exerted by the free surface of a cylindrical circular void on a nearby straight dislocation depends on whether the dislocation has arrived at its location by the emission from the surface of the void, or by the glide from infinity. In the context of elasticity theory, in the first case, the dislocation has been created by imposing the displacement discontinuity along the cut from the free surface of the void to the center of the dislocation, and, in the second case, from the center of the dislocation to infinity. The explicit expressions for the two corresponding image forces are derived and compared. It is shown that the attraction from the free surface of the void is stronger in the first case, particularly for smaller voids. Furthermore, in the case of dislocation emitted from the surface of the void, the interaction energy depends on the cut used to impose the displacement discontinuity, but not in the case of a dislocation approaching the void from infinity. The relevance of the obtained results for the materials science problems is discussed.
Introduction
The objective of this paper is to derive the expression for the image force on a straight dislocation emitted from the free surface of a nearby cylindrical void, and evaluate the difference between this force and the image force acting on a dislocation that has arrived near the void from infinity. The two forces are different, because these two dislocations are physically different dislocations, causing different distortions of the material. Speaking in the context of mathematical theory of elasticity, in the case of a dislocation emitted from the surface of the void, the displacement discontinuity is imposed along the cut from the surface of the void to the center of the dislocation, whereas in the second case, the displacement discontinuity is imposed along the cut from infinity to the center of the dislocation. In the context of crystalline elasticity, if the dislocation motion was a glide motion, in the first case the slip took place along the slip plane from the surface of the void to the center of dislocation, and in the second case, from infinity to the center of dislocation. Accordingly, not only the displacement, but the stress and strain fields, and thus the image forces on the dislocation, are different in these two problems. Although such distinction is physically clear and anticipated, as pointed out in the context of the non-uniqueness of solution for a screw dislocation in multiply connected regions by Lubarda (1999), 1 and elaborated upon by Lubarda and Markenscoff (2003) , it is desirable to revisit the topic in the context of a general (mixed type) straight dislocation. This particularly so because in recent studies of void growth by emission of dislocations from its free surface (Lubarda et al., 2004; Song et al., 2006; Traiviratana et al., 2008; Meyers et al., 2009) , the image force on dislocation was calculated from the interaction energy expression derived by Dundurs and Mura (1964) , overlooking the fact that, in their analysis, the displacement discontinuity was imposed from infinity to the center of the dislocation, which means that the dislocation arrived near the void from infinity, rather than being emitted from the surface of the void. Lubarda (2011) subsequently modified this analysis by using the expression for the image force on a dislocation emitted from the surface of the void, but the derivation of this expression, and its comparison with the image force on a dislocation that has arrived from infinity, have not been presented or discussed in that paper. This analysis is presented here. It is shown that the attraction from the void is stronger in the case of a dislocation emitted from the surface of the void than in the case of a dislocation that has approached the void from far away, particularly for smaller voids. This means that in the study of the void growth, the externally applied stress required to emit a dislocation from the surface of the void is greater than earlier reported values, based on a dislocation model with the slip imposed from the dislocation to infinity. On the other hand, the latter model can be used to study a stress driven expansion of a 0020-7683/$ -see front matter Ó 2010 Elsevier Ltd. All rights reserved. doi:10.1016/j.ijsolstr.2010.11.006
